ur aim was to evaluate bursal involvement at different stages of the impingement syndrome as judged by conventional histopathological examination and expression of tenascin-C, which is known to reflect active reparative processes in different tissues and disorders.
O
The diagnosis of disease of the rotator cuff at the tendinitis stage of impingement is based mostly on the history and clinical findings. Even at surgery, there are rarely ways of confirming the presence of distinct pathology before the manifestation of a superficial tear or wear in the tendons of the rotator cuff or signs of thickening, inflammation, fibrosis or haemorrhage in the subacromial bursa. It is not known whether the primary cause of symptoms is a lesion in the tendon or an inflammatory reaction in the bursa. The pain is often alleviated by a local injection of cortisone into the subacromial bursa, suggesting that inflammation of this tissue is the source of pain. At the microscopic level, increased cellularity and vascularity in the bursa near the tear of the rotator cuff and increased fibrosis and inflammatory cells in the bursa in supraspinatus tendinitis have been reported in many studies. [1] [2] [3] [4] Thus, inflammation of the bursa has been suggested as a source of pain in this disorder. [4] [5] [6] Tenascins are a family of large extracellular proteins and include five members: tenascin-C, -R, -X, -Y and -W. Tenascin-C, the proteotypical tenascin, was originally isolated from embryonic tissues. 7, 8 It is the most widely distributed tenascin and is typically seen only at sites of epithelial-mesenchymal interaction in mature tissues. The prominent expression of tenascin is also seen in reactive conditions such as inflammation and wound healing, 9 and in the stroma of various carcinomas. [10] [11] [12] [13] Tenascin-C is a disulphide-bonded hexamer composed of subunits with molecular weights in the range of 120 to 130 kD, depending on the expression of different isoforms in different species. The subunits contain epidermal growth factor (EGF)-like and fibronectin-like repeats commensurate with its growth-promoting properties. 14, 15 It is involved in various cellular functions such as the promotion of growth, haemagglutination, immunosuppression of T-cells, and the promotion of angiogenesis and chondrogenesis. It also has an antiadhesive effect on many types of cell. 16 A high level of expression of tenascin in acute injury is well established, and it may possibly play an important role in ensuring the presence of both inflammatory and reparative processes at the site of the injury. 17, 18 The presence and role of tenascin in the subacromial bursa at the different stages of the impingement syndrome THE JOURNAL OF BONE AND JOINT SURGERY have not been investigated. We have therefore investigated the reaction of the subacromial bursa at the different stages of impingement using the expression of tenascin-C and histology as parameters of the tissue reaction.
Materials and Methods
Tissue samples were taken from the subacromial bursa during open surgery from 62 patients with an unilateral impingement syndrome. There were 39 men with a mean age of 47 years (26 to 70), and 23 women with a mean age of 50 years (37 to 70). Thirty-three of these patients had tendinitis, 11 women and 22 men with a mean age of 43 years (26 to 54) (tendinitis group, TG). Eleven had a partial tear (two on the joint side, seven on the bursal side and two intratendinous; partial tear group (PTG)). There were three women and eight men with a mean age of 50 years (35 to 70). Eighteen had a full-thickness tear of the rotator cuff (full-thickness tear group, FTG). There were nine women and nine men with a mean age of 55 years (45 to 67). The preoperative duration of symptoms of positional discomfort and night pain was more than six months in all patients.
Tissue samples were also taken from 20 shoulders of 12 cadavers (ten men and two women with a mean age of 49 years (35 to 76)). The samples from three shoulders were excluded because of a partial joint side tear and from one because of a shoulder prosthesis. In addition, bursal biopsies were taken from the shoulders of four men operated on for traumatic dislocation of the acromioclavicular joint who had had no previous symptoms from the shoulder. Their mean age was 36 years (26 to 44). The samples of these two groups were combined and served as a control group (CG). The overall mean age was 46 years (26 to 76) .
At open acromioplasty, 19 during acromioclavicular reconstruction 20 or at post-mortem, the deltoid muscle was detached from the anterior part of the acromion and the samples were taken from the deltoid side of the subacromial bursa. All the procedures were approved by and carried out according to the regulations and instructions of the Local Ethical Committee and the Finnish Centre for Medicolegal Affairs.
For histological and immunohistochemical investigations, the tissue samples were fixed in 10% neutral formalin and embedded in paraffin. Sections 5 µm thick were cut and stained with haematoxylin and eosin and Herovici stains. The tissue biopsies were carefully dissected and the samples representative. Thus, the variation of the quality of the specimens did not influence the outcome.
For immunohistochemistry, sections were deparaffinised in xylene and rehydrated in graded alcohol. The endogenous peroxidase was consumed by incubating the sections in 0.3% hydrogen peroxide in absolute methanol for 30 minutes. The sections were then treated with 0.4% pepsin (Merck, Darmstadt) at 37˚C for 30 minutes.
We used a monoclonal mouse antibody to human tenascin (143DB7) to identify tenascin 21 and a rabbit antibody to human anti-factor-VIII-related antigen (FVIII-RAG), a well-established marker for endothelial cells 22 (Dako A/S, Glostrup, Denmark), to identify the microvasculature.
The sections were incubated with the primary antibody at 4˚C overnight, followed by biotinylated rabbit anti-mouse IgG antibody (for identifying tenascin) and biotinylated goat anti-rabbit IgG (for identifying FVIII-RAG). As a further amplification step, the avidin-biotin peroxidase complex (Dako A/S) was applied. The peroxidase reaction was developed with diaminobenzidine. Thereafter, the sections were counterstained with a light haematoxylin stain, mounted in an aqueous medium, and overlaid with glass coverslips for viewing under a light microscope. Agfapan 400 film (Agfa-Gevaert, Leverkusen, Germany) was used for recording the images.
The amount of tenascin-C in the tissue was determined by analysing anti-tenascin-stained tissue sections. This was done on a semiquantitative scale ranging from 1 to 3 corresponding to the amount of tenascin-C seen in the samples with the minimum equal to 1 (<33% of the area of the specimen), intermediate equal to 2 (33% to 66%) and maximum equal to 3 (>66%) (Fig. 1 ). Two pathologists (JM and VPL) performed evaluation of the immunohistochemical staining independently and a consensus was formed on four cases (3.4%) in which the opinions differed.
The thickness of the bursal tissue was estimated visually under a microscope by using a semiquantitative scale of 1 being normal, 2 moderately thickened, and 3 markedly thickened. A semiquantitative scale with 0 (no fibrosis), 1 (moderate) and 2 (extensive fibrosis) was used to estimate the extent of fibrosis in the bursa. This was based on the evaluation of the histological sections in which reactive fibrosis could be identified, especially with Herovici staining.
The assessment of the degree of vascularity and neovascularisation was based on immunohistochemical staining with anti-FVIII-RAG antibodies. The abundance of vasculature was estimated by the number of FVIII-RAG-positive vascular profiles projected on a semiquantitative scale of 1 to 3, as described for tenascin.
The degree of haemorrhage and of inflammatory cell reaction were determined based on microscopic examination of haemotoxylin-stained sections on a scale of 1 to 3, as described for tenascin. Statistical analysis. The results were analysed using the SSPS version 8.0 for Windows (SPSS Inc, Chicago, Illinois). Fisher's exact test was used in the statistical analysis of the differences between the groups. A p value of <0.05 was considered to be significant.
The correlations between different parameters were calculated separately for the control group and for the group obtained by combining the involved groups. The non-parametric Kendall's correlation coefficient was calculated in the bivariate correlation analysis.
Results
Tenascin. In uninvolved tissue, tenascin was seen only around small arteries, which is its normal site of expression. No accumulation was seen in the acellular matrix. By contrast, in samples from involved bursae, a variable amount of tenascin was also seen in the stroma. It was usually associated with fibrous and inflammatory lesions. The expression was significantly increased in the FTG compared with the CG, TG and PTG groups (p < 0.001) and almost significantly in the TG compared with the CG group (p = 0.06) (Fig. 2) . Fibrosis. Fibrosis was a common finding (58%) in the tissue samples of the involved groups, but rare in the CG group (8%) (Fig. 3) . It was significantly increased in the TG (64%), PTG (45%) and FTG (56%) groups compared with the CG group (p = 0.001 v TG, p = 0.05 v PTG, and p = 0.002 v FTG). No significant differences were seen between the TG, PTG and FTG groups. Thickness. The thickness of the bursa was evaluated as normal in most cases in the CG group, but in only 39% in the involved shoulders. The differences between the groups, however, were not significant (Fig. 4) . Vascularity. In general, a low degree of vascularity, mostly close to the surface, was seen in the predominantly acellular bursal tissue. A slight increase was seen in bursae of the involved groups (Fig. 5) . It was most marked in the FTG group, but the differences compared with the other groups were not significant. Haemorrhages. Those seen in the bursal wall were usually restricted to small focal areas and only appeared occasionally in the stroma. The CG and FTG groups had the smallest amount of haemorrhage whereas the TG and PTG groups had an intermediate amount (Fig. 6 ). An increase in haemorrhage was a significant finding in the TG group when compared with the CG group (p = 0.016). By contrast, haemorrhages were seldom found in the FTG group when compared with the CG (p = 0.006) and PTG groups (p = 0.038). Inflammation. In uninvolved tissue, no inflammatory cells were seen. They were also rare in involved tissue. Variable amounts of lymphocytes were seen, usually close to the degenerative or fibrotic areas in one sample in the TG group and in two samples in each of the PTG and the FTG groups. Statistical comparison between the groups was not applicable.
Regressions. There were no significant correlations between tenascin-C and the histological parameters which suggests that tenascin-C reflects a different phase of the bursal reaction than the conventional histological parameters. This was also true of the intercorrelations between the histological parameters. Increased fibrosis tended to correlate slightly with vascularity and thickness according to the stage of impingement in samples taken from the TG, PTG and FTG groups.
Discussion
Our study is the first to use the expression of tenascin-C as a marker of pathology in the subacromial bursa. Expression varies in different tissues depending on the developmental stage of the condition being investigated, and it changes dramatically under various pathological circumstances. 7, 13, [23] [24] [25] [26] An increased expression of tenascin is seen in active reparative processes such as wound healing, inflammatory lung diseases and in keloid scars. 17, 18, 27 In bursal tissue, it also probably characterises regeneration and thus a different phase of reaction than fibrosis, which is a late reaction. Our findings confirmed this showing a lack of intercorrelation between the expression of tenascin-C and fibrosis. The expression of tenascin-C in the subacromial bursa was significantly more pronounced in all the involved groups compared with the control group. It was expressed weakly in the extracellular matrix in the control group, but was found in larger quantities in the stroma of involved tissue. Riley et al 13 studied the expression of tenascin-C in the supraspinatus tendon affected with impingement syndrome and found it to be increased, especially in degenerative tendons, but not in healthy cadaver tendons. An increased expression of tenascin-C, however, may be caused by a mechanical load in impingement since it has been shown that its expression responds to mechanical load in bone 28 and at the osteotendinous junction of tendons. 29 Further support for the mechanical cause may be the lack of correlation between the expression of tenascin-C and the inflammatory reaction or fibrosis in the bursa. It seems that reaction in the subacromial bursa is associated with a lesion in the tendon regardless of whether it is degenerative or caused by mechanical load or compression.
Our histological evaluation of bursal reactions in the impingement syndrome is based mainly on the same criteria as in some earlier studies. 1, 3 Therefore, reliable and valid comparisons can be made with previous results. Ishii et al 30 examined vascularity (angiogenesis) and cellularity (mostly fibroblasts and occasionally lymphoblasts) as a combined measure of the bursal reaction, while we have evaluated and presented them as separate parameters of bursal involvement. We think that our distinction allows a more refined analysis of the course of the pathological and healing process at different stages of the impingement syndrome.
The most significant difference in the histological parameters between the control and patient groups was that fibrosis was present significantly more often in the involved groups. An increased amount of bursal fibrosis in the impingement syndrome has also been observed in previous studies. 1, 3 Rahme et al 1 found bursal fibrosis in 80% of their patients with supraspinatus tendinitis but only in 15% of cadaver controls. Kronberg and Saric 3 reported gross fibrosis in ten, moderate in eight and no fibrosis in one of 19 patients with tendinitis-stage impingement and no fibrosis in five cadaver control shoulders. In the study of Ishii et al, 30 fibrosis was evaluated as part of the bursal reaction and was found to be more pronounced next to the tear of the rotator cuff than in specimens obtained further away from the lesion. They also found the reactions to be significantly less pronounced in tendinitis than in the presence of a tear of the rotator cuff. This was also the case in our study, in which the specimens were taken from the deltoid side of the bursa. These probably reflect the general reaction of the bursa better than do the specimens obtained from the site of the lesion.
In their immunohistochemical study, Santavirta et al 4 found the involvement of inflammatory cells to be mild in one and moderate in six bursae biopsied at acromioplasty for tendinitis of the supraspinatus or tear of the rotator cuff. They suggested that inflammation of the subacromial bursa is a potentially important cause of pain in the impingement syndrome. In our study, inflammatory cells were seen only rarely. This is in agreement with the findings by Ishii et al, 30 who observed no plasma cells and only occasional lymphocytes in bursal specimens taken from patients with tendinitis or a tear of the rotator cuff.
The thickness of the bursa has not been used as a specific parameter of bursal reaction in the earlier studies, probably because it is difficult to measure because of uncertainties in the definition of the cutting plane. However, Rahme et al 1 evaluated it as part of fibrosis, and found it to be increased. Fibrosis and bursal thickness also tended to be related in our study.
Previous reports have not paid much attention to the presence of haemorrhages in the subacromial bursa. Ishii et al 30 noticed haemorrhages in 15% of their cases of tendinitis-stage impingement syndrome. In our study, bursal haemorrhages occurred most often in association with tendinitis and partial tears but were uncommon in the control group and in full-thickness tears.
Our study sheds some light on the role of the reaction of the subacromial bursa in the pathomechanism of the impingement syndrome. Based on histological studies, it has been suggested that bursal involvement is secondary to the damage of the tendon of the rotator cuff 2,30 and the bursa is, like the peritoneum, only secondarily involved, as postulated by Codman in 1934. 31 We did not examine the changes in tendons, but the fact that the increased expression of tenascin-C reflecting bursal reactions was more pronounced at the tear stage than at the tendinitis stage of the disease supports the previous assumptions. The reaction of the subacromial bursa, however, may be the origin of the symptoms of impingement as suggested by other studies, which focused on the origin and mediators of the pain of impingement. 4, 32, 33 The place of bursal resection during surgery on the rotator cuff has been discussed. Ishii et al 30 recommended repair of the bursa during repair of tears of the rotator cuff. By contrast, Rahme et al 1 and Kronberg and Saric 3 reported a better outcome in the patients whose bursa had been excised at the tendinitis stage. In our study we observed that the fibrosis phase of the bursal reaction was dominant compared with the regeneration phase, as indicated by expression of tenascin-C at the tendinitis stage of impingement. Thus we feel that resection of the bursa is justified since it has been suggested that bursal fibrosis impairs the outcome. 1, 3 At the tear stage, the regenerative process in the bursa, as determined by the expression of tenascin-C, is so notable as to be potentially important for the healing of the tear. Its restoration is therefore recommended.
We conclude that compared with the conventional histological markers representing early (inflammatory cells) and late reaction (fibrosis), expression of tenascin-C is a more general indicator of a bursal reaction, being especially pronounced at the more advanced stages of impingement. It did not correlate with the conventional histopathological parameters, suggesting that these markers reflect different phases of bursal reaction. It seems that the latter is an essential part of the pathology of impingement at all its stages, and that this reaction shows different phases as indicated by the different parameters used in our study.
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